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BACKGROUND OF THE INVENTION 



1, Field Of The Invention 

This invention relates to an apparatus, or system, for applying a multi-component liquid liner 
composition to the irmer surface of a conduit, and in particular, well bore tubing, while the conduit 
remains in place. The invention also relates to methods for applying a multi-component liquid liner 
composition to the inner surface of conduits. 

2, Description Of Related Art 

During the past several years, the oil and gas industry has been challenged to find new ways 
for improving operating efficiencies while meeting the ever increasing demand for oil and gas. With 
overall production output dropping below consumption levels, it has become increasingly important 
for producers to maximize their current production. This requires that they minimize any downtime 
when a well must be pulled out of service for workover operations. 

One of the most costly workover operations is the pulling and replacement of the production 
tubulars, i.e.., well bore tubing ("tubing") or casing. These conduits are a primary means for pressure 
containment and oil and gas transfer during production. If the production tubulars fail, a loss of well 
control may result with the further possibility of an vmcontrolled release of gas and oil from the well. 

Many of the wells that are currently producing have developed wall thickness reductions in 
the well bore tubing that may eventually lead to a leak or failure. Wall thickness reductions usually 
occur due to corrosion and erosion over a period of time. Corrosion occurs when fluids, such as salt 
water or other corrosive fluids, are produced during normal oil and gas production. Certain fluids 
and gases chemically attack the metal of the well bore tubing causing general loss of wall thickness 
and localized pitting of the well bore tubing imtil the wall is eventually breached. Erosion causes 
wall thickness losses due to the physical contact and the gouging action of abrasive particles, such 
as sand, carried by the produced fluids. 

One way to prevent corrosion and reduce erosion is to install tubing that has an intemal 
protective coating. These coatings can reduce wall loss, greatly extending the life of the tubing and 
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reducing the need for workover operations. However, internally coated tubing is very expensive and 
requires that the existing tubing be pulled and new tubing installed. 

In another approach, a continuous length of solid lining material, e.g., plastic or polyethylene 
pipe, is inserted into the tubing of the well. The solid lining material is pulled into the conduit or 
inserted through an outside-diameter-reduction unit and held in tension with weight or other means 
until the solid lining material is sufficiently deformed to permit installation of the solid lining 
material into the conduit. The solid lining material is then positioned at, e.g., lowered to, the desired 
location in the conduit, e.g., at a zone located at a specific depth, e.g., 1 ,000 feet. The tension is then 
released and the solid lining material is allowed to relax and expand, or lay loosely, against the inner 
surface of the conduit. 

This lining method has many disadvantages. For example, it requires expensive equipment 
that is not always available. Additionally, in some instances, sections of the plastic liner must be 
removed from inside of the conduit to allow valves and other assemblies in the conduit to function 
correctly. Moreover, this method is time consuming and problematic to perform due to varying 
dimensions and configurations of the valves and other assemblies in the production tubing. As such, 
this method generally requires special tools to be designed, fabricated, and operated for removing 
the plastic liner from the inside of each of these assembUes. This process also requires the use and 
transportation of large, specialized equipment for each operation. As mentioned above, the 
equipment is not readily available in many areas and it is contemplated that the equipment, when 
available, may not permit safe operations on pressure-containing conduits. 

Another approach involves a method that requires placement or injection of a liquid coating 
between two pigs, or wiper plugs, and moving the wiper plugs at a pre-determined rate along the 
inner surface of the conduit over a desired distance. Liquid coating is located between the wiper 
plugs and is applied to the inner surface of the conduit between the wiper plugs as the v^per plugs 
move along the inner surface. This process is referred to as an "in-situ" coating because it permits 
the conduit to remain in place, or in its operational location, while the coating is applied. 

While in-situ coating is used in various pipehne applications, it has not been successftiUy 
used in production tubular applications or many other applications due to various shortcomings. For 
example, in-situ coating methods require the use of a liquid coating material that will stay in a liquid 
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state for extended periods of time to avoid curing, or hardening, between the wiper plugs while the 
plugs move along the inner surface of the conduit. Additionally, the use of wiper plugs requires two 
openings in the conduit. The first opening is the insertion point and the second opening is the exit 
point. Therefore, the wiper plugs move along the inner surface from the insertion point to the exit 
5 point. 

Generally, the liquid coating material in this method is either a single component liquid, or 
a multi-component liquid that is mixed prior to transmitting the liquid to the appUcation site, i.e., 
the location along the inner surface of the conduit desured to be coated by the liquid coating material. 
In these prior attempts, the Uquid cures prematurely and prevents the successful coating of the inner 
10 surface of the tubing. For example, extended time periods for transmission of the liquid coating 
material through the conduit and elevated temperatures at the application site have been determined 
to cause these liquid coating materials to cure prematurely. 
C3 Additionally, because the conditions, e.g., temperature, pressure, humidity, etc., may vary 

%j at different application sites along the inner surface of the conduit, the premixed hquid cannot be 
lit customized for the varying conditions at the application sites. This lack of flexibility has resulted 
C3 in liquid coating compositions that either cure too quickly, or, in many cases, not at all. 
f 3 Additionally, this practice does not allow the chemical(s) or liquid component(s) to be tailored 
f ^ during the process and may not be used when the conduit is Umited to a single opening. Therefore, 
in many instances, the inner surface of the tubing is not adequately coated by the single or multi- 
2|g component Uquid coating compositions currently employed. 
\ i Accordingly, prior to the development of the present invention, there has been no system for 

applying a multi-component liquid liner composition to the inner surface of a conduit and method 
of applying a multi-component liquid liner composition to the inner surface of a conduit, which: 
permits in-situ coating of production tubulars without having the liquid coating composition cure 
25 prematurely; permits coating of the inner surface of the production tubulars without having to extract 
old tubing and replace with new tubing; permits the application site to be more easily targeted aroimd 
valves and other assemblies; decreases the amount of time production of oil and gas is interrupted; 
permits independent, or isolated, transmission of liquid hner components to the application site; and 
is less expensive than tubing replacement using new conventional tubing or tubing that is pre-coated 
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prior to installation in the well. Therefore, the art has sought a system for applying a multi- 
component liquid liner composition to the inner surface of a conduit and method of applying a multi- 
component liquid liner composition to the inner surface of a conduit which: permits in-situ coating 
of production tubulars without having the hquid coating composition cure prematurely; permits 
coating of the inner surface of the production tubulars without having to extract old tubing and 
replace with new tubing; permits the application site to be more easily targeted around valves and 
other assemblies; decreases the amount of time production of oil and gas is interrupted; permits 
independent, or isolated, transmission of liquid Uner components to the application site; and is less 
expensive than tubing replacement using new tubing or tubing that is pre-coated prior to installation 
in the well 

SUMMARY OF INVENTION 

In accordance with the invention the foregoing advantages have been achieved through the 
present system for applying a multi-component liquid liner composition to an inner surface of a 
conduit comprising: a first reservoir having a first liquid liner component; a second reservoir having 
a second liquid liner component, the second liquid liner component being different from the first 
liquid liner component; a first liquid liner component transmission line in communication with the 
first reservoir; a second liquid liner component transmission line in communication with the second 
reservoir; and an applicator in communication with the first liquid liner component transmission line 
and the second liquid liner component transmission line. 

A further feature of the system for applying a multi-component liquid liner composition to 
an inner surface of a conduit is that the first and second reservoirs and first and second liquid liner 
component transmission lines may be in communication with a multi-port pump. Another feature 
of the system for applying a multi-component Uquid liner composition to an inner surface of a 
conduit is that the first and second liquid Uner component transmission lines may be adjacent each 
other to form a control line. An additional feature of the system for applying a multi-component 
liquid liner composition to an inner surface of a conduit is that the control line may include a power 
source line. Still another feature of the system for applying a multi-component liquid liner 
composition to an inner surface of a conduit is that the power source line may be electric. A further 



HOU:593120.1 



5 



feature of the system for applying a multi-component liquid liner composition to an inner surface 
of a conduit is that the power source Une may be pneumatic. Another feature of the system for 
applying a multi-component liquid liner composition to an inner surface of a conduit is that the 
control line may be coiled. An additional feature of the system for applying a multi-component 
liquid Uner composition to an inner surface of a conduit is that the control line may be maintained 
on areel. Still another feature of the system for applying a multi-component Uquid liner composition 
to an inner surface of a conduit is that the appUcator may be a directional spray nozzle. A further 
feature of the system for applying a multi-component liquid liner composition to an inner surface 
of a conduit is that the applicator may be a centrifugal spray nozzle. Another feature of the system 
for applying a multi-component liquid liner composition to an inner surface of a conduit is that the 
first and second liquid liner component transmission lines may be coiled. 

In accordance with the invention the foregoing advantages have also been achieved through 
the present method of applying a multi-component Hquid liner composition to an inner surface of 
a conduit, comprising the steps of: providing a conduit having an inner surface; transmitting a first 
liquid liner component to an application site disposed on the inner surface of the conduit; 
transmitting a second liquid liner component to the application site, the second liquid liner 
component being different firom the first liquid liner component; mixing the first liquid liner 
component with the second liquid liner component at the appUcation site to form a multi-component 
liquid liner composition; and applying the multi-component liquid liner composition to the inner 
surface of the conduit at the application site. 

A fiirther feature of the method of applying a multi-component liquid liner composition to 
an inner surface of a conduit is that a third liquid component hner component may be transmitted 
to the application site and mixed with the first and second liquid liner components to form the multi- 
component liquid liner composition applied to the inner surface of the conduit at the application site. 
Another feature of the method of applying a multi-component liquid liner composition to an inner 
surface of a conduit is that the multi-component liquid liner composition may include at least two 
additional liquid liner components that are transmitted to the application site and mixed with the first 
and second liquid liner components to form the multi-component liquid liner composition applied 
to the inner surface of the conduit at the application site. An additional feature of the method of 



HOU:593120.1 



6 



applying a multi-component liquid liner composition to an inner surface of a conduit is that the 
conduit may be production tubulars and the application site may be disposed at least 200 feet below 
ground. Still another feature of the method of applying a multi-component liquid liner composition 
to an inner surface of a conduit is that the multi-component liquid liner composition may be applied 
to the inner surface of the conduit by centrifugal spraying. 

In accordance with the invention the foregoing advantages have also been achieved through 
the present method of applying a multi-component liquid liner composition to an inner surface of 
a conduit, comprising the steps of: providing a conduit having an inner surface; transmitting a first 
liquid liner component to an application site disposed on the inner surface of the conduit; 
transmitting a second liquid Uner component to the application site, the second liquid liner 
component being different from the first liquid liner component; applying the first liquid liner 
component to the inner surface of the conduit at the application site; and applying the second liquid 
liner component to the inner surface of the conduit at the application site thereby forming a mvilti- 
component liquid liner composition disposed on the inner surface of the conduit at the application 
site. 

A further feature of the method of applying a multi-component liquid liner composition to 
an inner surface of a conduit is that at least one additional liquid liner component may be transmitted 
to the application site and applied to the inner surface of the conduit to form the multi-component 
liquid liner composition disposed on the inner surface of the conduit at the application site. Another 
feature of the method of applying a multi-component liquid liner composition to an inner surface of 
a conduit is that the conduit may be production tubulars and the application site may be disposed at 
least 200 feet below. An additional feature of the method of applying a multi-component liquid liner 
composition to an inner surface of a conduit is that the first and second liquid liner components may 
be applied to the inner surface of the conduit by centrifugal spraying. 

The apparatus for applying multi-component liquid liner compositions to the inner surfaces 
of conduits and methods of applying multi-component liquid liner compositions to the iimer surfaces 
of conduits have the advantages of: permitting in-situ coating of production tubulars without having 
the liquid coating composition cure prematurely; permitting coating of the inner surface of the 
production tubulars without having to extract old tubing and replace with new tubing; permitting the 
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application site to be more easily targeted around valves and other assemblies; decreasing the amount 
of time production of oil and gas is interrupted; permitting independent, or isolated, transmission of 
liquid liner components to the application site; and being less expensive than tubing replacement 
using new tubing or tubing that is pre-coated prior to installation in the well 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is side view of one specific embodiment of the system for applying a multi-component 
liquid liner composition to the inner surface of a conduit. 

FIG. 2 is a side view of the conduit and the applicator of the system for applying a multi- 
component liquid liner composition shown in FIG. 1. 

FIG. 3 is a cross-sectional view of the control line of another specific embodiment of the 
system for applying a multi-component liquid Uner composition. 

While the invention will be described in connection with the preferred embodiment, it Will 
be understood that it is not intended to limit the invention to that embodiment. On the contrary, it 
is intended to cover all alternatives, modifications, and equivalents, as may be included within the 
spirit and scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is directed to an apparatus, or system, for applying a multi-component liquid 
liner composition to an inner surface of a conduit. Multi-component liquid liner compositions are 
generally preferred, or required, under certain application conditions, including, but not limited, to 
high temperatures. If mixed before transmission, or delivery, to the application site, high 
temperatures inside the conduit can cause an accelerated reaction and curing of multi-component 
liquid liner compositions before they can be applied to the inner surface of the conduit. Therefore, 
one aspect of the present invention is directed to a system that isolates the individual liquid liner 
components of the multi-component liquid liner composition imtil just prior to the multi-component 
liquid liner composition being applied to the inner sxxrface of the conduit. 

It is contemplated that isolation of liquid Uner components may provide additional benefits 
in applications where intermittent operations are being performed. Isolation of the liquid liner 
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components can avoid premature reaction and hardening of the multi-component liquid liner 
composition while the pump is disengaged for prolonged periods of time. Additionally, isolation 
of the liquid liner components with multiple transmission lines permits changes in the multi- 
component liquid liner composition during the course of the application of the multi-component 
liquid liner composition to the inner surface of the conduit, thereby allowing the multi-component 
liquid liner composition to be tailored to the specific application, and/or conditions at the application 
site. Moreover, isolating individual liquid liner components allows for base components and 
catalysts or accelerators to be used as liquid liner components and mixed in a more controlled 
manner at the point of application, thereby avoiding premature curing or thickening of the multi- 
component liquid liner composition during application of the multi-component liquid liner 
composition to the inner surface of the conduit. 

Referring now to FIGS, 1-3, broadly, the system 20 includes first reservoir 30, first liquid 
liner component transmission line 3 1 in communication with first reservoir 30, second reservoir 40, 
second liquid liner component transmission line 4 1 in commimication with second reservoir 40, third 
reservoir 50, and third liquid liner component transmission line 51 in communication with third 
reservoir 50. First reservoir 30 includes first liquid liner component 35, second reservoir includes 
second liquid liner component 45, and third reservoir includes third liquid liner component 55. 
Generally, first liquid liner component 35, second liquid liner component 45, and third liquid liner 
component 55 are different chemicals that when mixed or combined cure, or harden, to form a solid 
compound or coating, i.e., the multi-component liquid liner composition 93, such as a resin, thereby 
forming a liner, or coating, at appUcation site 95 along inner surface 82 of conduit 80. 

It is to be understood that first liquid Uner component 35, second liquid liner component 45, 
and third liquid liner component 55 all do not have to be different fi:om each other provided at least 
two of the liquid liner components are different fi-om each other. First liquid liner component 35, 
second liquid liner component 45, and third liquid liner component 55 are readily known to persons 
skilled in art. Additionally, persons of ordinary skill in the art can easily formulate multi-component 
liquid liner compositions 93 as desired or necessary due to conditions at the application site 95 to 
facilitate effective coating of inner surface 82 of conduit 80. In one preferred embodiment, first 
liquid liner component 35 is a base material, or epoxy resin such as Sovachem Tank Liner 8-Series 
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2 Pack Chemical Resistant Epoxy Tank Lining sold and distributed by Jotun Paints, Inc. of Norway 
with distributors in Houston, Texas and second liquid liner component 45 is a catalyst or harder such 
as 8T1 catalyst sold by Jotun Paints, Inc. First liquid liner component 35 and second liquid liner 
component 45 are preferably present in a ratio of 6 to 1 based upon volume. In this embodiment, 
third liquid liner component 55 is not reqmred. Additionally, the multi-component liquid liner 
composition 93 formed in this embodiment provides both corrosion and wear resistance at 
temperatures up to 350^F. 

The speed at which the multi-component liquid liner composition 93 solidifies is dependent 
upon numerous conditions, such as the humidity, the temperature, the pressure, etc. at application 
site 95. Because many of these conditions vary from application site to application site along the 
inner surface, system 20 keeps first liquid liner component 35 separate from second liquid liner 
component 45 and third liquid Hner component 55 until just seconds before the multi-component 
liquid hner composition 93 is to be applied to inner surface 82 of conduit 80. Therefore, a multi- 
component liquid liner composition 93 can be tailored to the conditions at the application site 95. 

As shown in FIGS . 1 -3 , first liquid liner component transmission line 3 1 , second liquid hner 
component transmission line 4 1 , and third liquid liner component transmission line 5 1 are preferably 
adjacent to each other to form integrated Une, or control line, 60. In this arrangement liquid Uner 
component transmission lines 31, 41, 51 are maintained in one line and may be easily managed by 
the operator of the system 20. 

In a preferred embodiment, liquid liner component transmission lines 3 1 , 41 , 5 1 are braided, 
or twisted or coiled, with each other to form control line 60. In another preferred embodiment, 
control line 60 includes an outer jacket or sheath 49 (FIG. 3) that protects control line 60 from 
damage and provides the control line 60 a uniform circular cross-section, or tubular shape. 
Additionally, control line 60 is preferably coiled, thereby permitting control line 60 to be disposed 
on a reel 70. Therefore, because control line 60 can be spooled onto reel 70, system 20 can be easily 
transported to remote locations. Control line 60 can then be unspooled and ran into a well bore 
through the use of conventional coiled tubing equipment, including the use of conventional control 
vehicles having facilities and equipment for operating and monitoring system 20. Moreover, 
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control line 60 having outer jacket 49 provides for better well control capability during the operation 
since conventional strippers and blowout preventers can seal off tubular-shaped lines. 

Liquid liner component transmission lines 31,41,51 may have any inner diameter and outer 
diameter desired or necessary to effectively transmit, or deliver, liquid liner components 35, 45, 55 
to application site 95. Preferably, liquid liner component transmission lines 31,41,51 have small 
inner and outer diameters, i.e., less than ,75 inch and less than LO inch, respectively. Therefore, 
liquid Uner component transmission lines 31, 41, 51 can be easily twisted, or coiled, together and 
ran in and out of a well bore as a single control line 60. 

Still referring to FIGS. 1-3, liquid liner component transmission lines 31, 41, 51 are in 
communication with appUcator 90, Applicator 90 may include mixing cup 91 and spray head 92. 
Mixing cup 91 may include an agitator (not shown) or other mixing apparatus to facilitate mixing 
liquid liner components 35, 45, 55 to form multi-component liquid liner composition 93, 

Spray head 92 may be any device known to persons skilled in the art that facilitates the 
dispersion of the multi-component liquid liner composition 93 onto inner surface 82 of conduit 80 
to sufficiently coat inner surface 82. Spray head 92 may include one or more ports 94 through which 
multi-component liquid Uner composition 93 is expelled, e.g., sprayed, extruded, centrifugally 
dispersed, from applicator 90, Each port 94 may provide directional spraying, i.e., one direction, or 
radial spraying, i.e., multiple directions. Preferably, each port 94 provides radial spraying. 

Additionally, appUcator 90 may include a centralizer 99 to assist in maintaining a uniform 
coverage of multi-component liquid liner composition 93 being applied to inner surface 82 of 
conduit 80 by helping to maintain spray head 92 in the center of conduit 80, It is to be understood 
that centralizer 99 may be an integral part of applicator 90; may be an additional device attached to 
applicator 90; may be disposed above or below spray head 92; and may be separate from spray head 
92, e.g., attached to control line 60. 

Applicator 90 may be any mechanical, electrical, pneumatic, or hydraulic device known to 
persons ordinarily skilled in the art that permits a liquid to be applied to a surface without contacting 
the surface. In the embodiments in which the applicator is electrical, pneumatic, or hydraulic, 
control line 60 includes a power source line 48 in communication with applicator 90 and a power 
source 47 (FIG, 1). For example, electric applicators require an electrical cable as power source line 
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48 in communication with the applicator 90 and an electric generator (power source 47). Likewise, 
pneumatic and hydraulic applicators 90 require a pneumatic line and a hydraulic fluid line, 
respectively, as power source line 48 in communication with the applicator 90 and a pneumatic 
compressor and a hydraulic fluid tank/hydraulic pump, respectively, as power source 47. Power 
source line 48 is preferably a pneumatic line and power source 47 is preferably a pneumatic 
compressor. 

Additionally, power source line 48 is preferably coiled, or twisted, with liquid liner 
component transmission lines 31, 41, 51 to form control line 60, and thus, is protected by outer 
jacket 49. As shown in FIG. 3, control line 60 includes three spirally twisted liquid liner component 
transmission lines 31,41,51 and power source line 48, 

It is noted that a second power source line 48 may be desired or necessary to facilitate 
operation of applicator 90, For example, in the embodiment in which power source line 48 is a 
hydraulic line, a second power source line, also a hydraulic line, in communication with power 
source 47 is necessary for proper function of a hydraulic applicator 90, 

In a preferred embodiment, liquid liner component transmission lines 31, 41, 51 are in 
communication v^th a multi-port chemical, or fluid, metering pump 65, Multi-port pump 65 
facilitates the delivery of liquid liner components 35, 45, 55 from reservoirs 30, 40, 50, through 
liquid Uner component transmission lines 3 1 , 41, 5 1 to appUcator 90, While it is contemplated that 
any multi-port pump 65 may be included in system 20, multi-port piunp 65 should keep at least two 
of the liquid liner components separate to facilitate proper delivery, or transmission, of the liquid 
liner components to applicator 90 Mdthout the multi-component liquid liner composition 93 curing 
prematurely. Further, multi-port pump 65 preferably pumps pre-determined amounts of at least two 
liquid liner components up to about 3,000 psi to about 5,000 psi. 

The invention is also directed to methods of applying a multi-component liquid liner 
composition to the inner surface of a conduit through the use of multiple, individual small diameter 
liquid Uner component transmission lines. The methods may be used to restore the integrity of old 
corroded or eroded conduits providing longer operational life and avoiding costly removal and 
replacement. The methods of the invention may also be used to protect new, already installed 
conduits from corrosion or erosion due to liquids or soUds transported through them. 
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Conduits of various lengths can be internally coated, or treated, for a wide range of 
applications, including oil and gas production tubing, i.e., well bore tubing, petroleum products 
pipelines, water lines, sewer lines, and other city utilities, whether the conduit is disposed 
horizontally, vertically, or diagonally. In a surprisingly advantageous application, the conduit is a 
vertically (FIG. 2) or diagonally disposed production tubular having an outer surface 8 1 and an inner 
surface 82. Inner surface 82 may be coated with a multi-component liquid liner composition 93 in 
accordance with the methods of the invention at application sites 95 located at distances greater than 
200 feet from the opening 83 of the conduit 80. As shown in FIGS. 1-2, conduit 80 is a production 
tubular vertically disposed in ground 100. 

The methods of the uivention permit a continuous or intermittent flow of liquid liner 
components 35, 45, 55 to be pumped down liquid liner component transmission Unes 31,41,51 and 
sprayed, extruded, or centrifugally applied in a radial pattern onto inner surface 82 of conduit 80. 
Multi-component liquid liner composition 93 may be appUed over the entire length of inner surface 
82 of conduit 80 or in selected, or predetermined, areas, e.g., application site 95. Additionally, 
applicator 90 may be moved along inner surface 82 of conduit 80 in the direction of arrows 96, 97 
(FIG. 2) to apply multi-component liquid liner composition 93 to larger areas of inner surface 82. 

Intermittent coating of inner surface 82 of conduit 80 with multi-component liquid liner 
composition 93 may be controlled by engaging and disengaging multi-port pump 65 which is used 
to transmit liquid liner components 35, 45, 55 to applicator 90. Multi-port pump 65 is preferably 
a positive displacement pump that provides an individually controlled or metered amount of each 
liquid liner component 35, 45, 55 being transmitted through liquid liner component transmission 
lines 31,41,51. In a preferred embodiment, liquid liner components 35, 45, 55 are mixed in mixing 
cup 91 located at, or v^thin (FIG. 2) applicator 90 and applied to inner surface 82 of conduit 80 using 
spray head 92. 

The method of applying multi-component liquid liner compositions may be interrupted or 
spray patterns changed by disengaging multi-port pump 65 and by using surface or downhole valves 
in control line 60, or in liquid liner component transmission lines 31,41,51, operated by electric, 
hydraulic, pneumatic, or mechanical actuators. The rate at which multi-component liquid liner 
composition 93 is applied and thickness at which multi-component liquid hner composition 63 is 
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applied can be adjusted without having to remove control line 60, and/or liquid liner transmission 
lines 31, 41, 51, and spray head 92 from conduit 80 to make manual adjustments. Intermittent 
coating can also be used to avoid coating areas along inner surface 82 that may be adversely affected 
by multi-component liquid liner composition 93, such as gas Uft valves and nipple profiles. 

As mentioned above, electrical solenoid actuators for downhole control valves would require 
the use of a power source line 48, e.g,, an electric cable, that can be twisted together with the liquid 
liner component transmission lines 31,41,51 (FIG. 3). If desirable, and cost effective, the electrical 
cable may also be used to operate downhole tools and record information such as location of conduit 
couplings, temperature in conduit 80, multi-component liquid liner composition 93 coating 
thickness, depth and pressure measurements, and other data. 

In one embodiment of the invention, the method of applying a multi-component liquid liner 
composition 93 to inner surface 82 of conduit 80 includes the steps of transmitting first liquid liner 
component 35 to application site 95 disposed on inner surface 82 of conduit 80. Second liquid liner 
component 45 is then transmitted to application site 95 and mixed with first liquid liner component 
35 at application site 95 to form a multi-component Uquid liner composition 93. Multi-component 
liquid liner composition 93 is applied to inner surface 82 of conduit 80 at application site 95, thereby 
coating inner surface 82 of conduit 80. 

It is to be understood that the phrase "at appUcation site" is to be broadly construed to include 
any position located within conduit 80 near or in close proximity to the application site 95. As 
shown in FIG. 2, application site 95 is identified as being the area around applicator 90. 

As discussed above, multi-component liquid liner composition 93 may be applied to inner 
surface 82 using applicator 90. Applicator 90 may spray, extrude, or centrifiigally apply multi- 
component liquid Uner composition 93 to inner surface 82. Additionally, appUcator 90 may include 
a spray head 92 that provides directional spraying, i.e., the multi-component liquid liner composition 
93 is applied in only one direction from one port 94 located on spray head 92 (although spray head 
92 may include multiple ports 94, wherein each port 94 is oriented to spray in a different, fixed, 
direction), or radially spraying, i.e, the multi-component liquid liner composition 93 is applied in 
multiple directions from each of one or more ports 94 located on spray head 92. 
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Liquid liner components 35, 45 may be transmitted to application site 95 through liquid liner 
component transmission lines 3 1 and 4 1 respectively. Moreover, liquid liner components 35,45 may 
be transmitted to application site 95 by pumping liquid liner components 35, 45 from reservoirs 30 
and 40 respectively, and through liquid Uner component transmission lines 3 1 and 41 respectively. 

Additional liquid liner components, e.g., 55 discussed above, may also be transmitted to 
application site 95 and mixed v^^ith the other liquid liner components, i.e., 35, 45, to form multi- 
component liquid liner composition 93 that is applied to inner surface 82 of conduit 80 at application 
site 95. 

In another specific embodiment, the method of applying a multi-component liquid liner 
composition 93 to inner surface 82 of conduit 80 includes the steps of transmitting first liquid liner 
component 35 to application site 95 disposed on inner surface 82 of conduit 80 and applying first 
liquid liner component 35 to inner surface 82 of conduit 80 at application site 95. Second liquid 
liner component 45 is then transmitted to application site 95 and applied to inner surface 82 of 
conduit 80 at application site 95, thereby forming multi-component liquid liner composition 93 
disposed on inner surface 82 of conduit 80 at application site 95. 

Additional liquid liner components, e.g., 55 discussed above, may also be transmitted to 
application site 95 and applied to inner surface 82 of conduit 80 at application site 95 to form multi- 
component liquid liner composition 93 at application site 95. 

While one of the specific embodiments discussed above includes three reservoirs and three 
liquid liner component transmission lines, it is to be understood that the system may include any 
number of reservoirs and liquid Hner component transmission lines as desired or necessary to 
facilitate the application of a multi-component liquid liner composition to the inner surface of a 
conduit. For example, a specific multi-component liquid liner composition that is desired by the 
operator of the system because of conditions, e.g., temperature, humidity, pressure, etc., at the 
application site may include as few as two different liquid liner components, or as many as four or 
more different liquid liner components. In these embodiments, a number of reservoirs and liquid 
liner component transmission lines will be determined by the operator based upon the specific liquid 
liner components selected by the operator. For example, if four liquid liner components are selected, 
and all four of the liquid liner components must be kept separated for as long as possible before 
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being combined to form the multi-component liquid liner composition and applied to the inner 
surface of the conduit, then four reservoirs and four liquid liner component transmission lines are 
necessary. 

Alternatively, if only three of the four Uquid liner components must be kept separate, i.e., tv^o 
of the four liquid liner components may be mixed or combined in one reservoir prior to transmitting 
them to the application site on the inner surface of the conduit, then only three reservoirs and three 
liquid liner component transmission lines are necessary. The ability to select the number of 
reservoirs and liquid liner component transmission lines is v^ithin the knov^ledge of a person 
ordinarily skilled in the art of formulating multi-component liquid composition liners. 

Additionally, any of the liquid liner components may be identical to one another provided 
at least two of the liquid liner components are different, and the two different liquid liner 
components are stored in separate reservoirs and transmitted to the application site through separate 
liquid liner component transmission lines. 

It is to be understood that the invention is not limited to the exact details of construction, 
operation, exact materials, or embodiments shovm and described, as obvious modifications and 
equivalents will be apparent to one skilled in the art. Accordingly, the invention is therefore to be 
limited only by the scope of the appended claims. 
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WHAT IS CLAIMED IS: 



CLAIMS 



1 . A system for applying a multi-component liquid liner composition to an inner surface of 
a conduit comprising: 

a first reservoir having a first liquid liner component; 

a second reservoir having a second liquid liner component^ the second liquid Uner component 
being different from the first liquid liner component; 

a first liquid liner component transmission line in communication with the first reservou"; 

a second liquid liner component transmission Une in communication v^th the second 
reservoir; and 

an applicator in communication with the first Uquid liner component transmission line and 
the second liquid liner component transmission line. 

2. The system of claim 1, wherein the first and second reservoirs and first and second liquid 
liner component transmission lines are in communication with a multi-port pump. 

3 . The system of claim 1 , wherein the first and second liquid liner component transmission lines 
are adjacent each other to form a control line. 

4. The system of claim 3, wherein the control line includes a power source line. 

5. The system of claim 4, wherein the power source line is electric. 

6. The system of claim 4, wherein the power source line is pneumatic. 

7. The system of claim 3, wherein the control line is coiled. 

8. The system of claim 3, wherein the control line is maintained on a reel. 
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9. The system of claim 1 , wherein the appHcator is a directional spray nozzle. 

1 0. The system of claim 1 , wherein the applicator is a centrifugal spray nozzle. 

1 11. The system of claim 1 , wherein the first and second liquid Uner component transmission lines 

2 are coiled. 

1 12. A method of applying a multi-component liquid liner composition to an inner surface of a 

2 conduitj comprising the steps of: 

3 providing a conduit having an inner surface; 

4 transmitting a first liquid liner component to an application site disposed on the inner surface 

5 of the conduit; 

|i transmitting a second Hquid liner component to the appUcation site, the second liquid liner 

?] component being different from the first liquid liner component; 

iyi mixing the first liquid liner component with the second liquid liner component at the 

13 application site to form a multi-component Uquid liner composition; and 

I O i applying the multi-component liquid liner composition to the inner surface of the conduit at 

I I the application site. 

i^i 13. The method of claim 12, wherein a third Uquid component liner component is transmitted 

l:^; to the apphcation site and mixed with the first and second liquid liner components to form the multi- 
is j 

3 component liquid liner composition applied to the inner surface of the conduit at the application site. 

1 14. The method of claim 12, wherein the multi-component liquid liner composition includes at 

2 least two additional liquid liner components that are transmitted to the application site and mixed 

3 with the first and second liquid Uner components to form the multi-component Uquid liner 

4 composition applied to the inner surface of the conduit at the application site. 
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1 15. The method of claim 12, wherein the conduit is a production tubular and the application site 

2 is disposed at least 200 feet below ground. 



1 16. The method of claim 12, wherein the multi-component liquid liner composition is applied 

2 to the inner surface of the conduit by centrifugal spraying. 

1 17. A method of applying a multi-component liquid Uner composition to an inner surface of a 

2 conduit, comprising the steps of: 

3 providing a conduit having an inner surface; 

4 transmitting a first liquid liner component to an application site disposed on the inner surface 

5 of the conduit; 

6 transmitting a second liquid liner component to the application site, the second liquid liner 
l!i component being different from the first hquid luier component; 

8 J applying the first liquid liner component to the inner surface of the conduit at the application 

f y site; and 

1|3 applying the second liquid Imer component to the inner surface of the conduit at the 
1 application site thereby forming a muhi-component liquid liner composition disposed on the inner 

1 1 surface of the conduit at the application site. 

IZ 18. The method of claim 1 7, wherein at least one additional liquid liner component is transmitted 

SJ to the application site and applied to the inner surface of the conduit to form the multi-component 

3 liquid liner composition disposed on the inner surface of the conduit at the application site. 

1 19. The method of claim 1 2, wherein the conduit is a production tubular and the application site 

2 is disposed at least 200 feet below ground. 

1 20. The method of claim 1 7, wherein the first and second liquid liner components are applied to 

2 the inner surface of the conduit by centrifugal spraying. 
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ABSTRACT 



The invention is directed to an apparatus, or system, for applying a multi-component liquid 
liner composition to an inner surface of a conduit. The system comprises a first reservoir having a 
first liquid liner component; a second reservoir having a second liquid liner component, the second 
liquid liner component being different from the first liquid Uner component; a first Uquid liner 
component transmission line in communication with the first reservoir; a second liquid liner 
component transmission line in communication with the second reservoir; and an applicator in 
communication with the first and second liquid liner component transmission lines. Methods of 
applying multi-component Uquid liner compositions to the inner surface of conduits are also 
disclosed. 
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